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COMPLETE SPECIFICATION 



Improvements in or relating to Variable Speed Transmissions 



We, Bobg-Wakner Corporation, a 
corporation organized under the. laws of 
the State of Illinois, United States of 
America, of 310, South Michigan 
5 Avenue, City of Chicago, State of 
Illinois, United States of America, do 
hereby declare the nature of this inven- 
tion and in what manner the same is to 
be performed, to be particularly described 
10 and ascertained in and by the following 
statement : — 

This invention relates to variable 
speed transmissions, and particularly to 
such transmissions employing complex 
15 planetary gearing. 

In accordance with the present inven- 
tion there is provided a variable speed 
transmission comprising driving and 
driven elements, and first and ^ second 
20 planetary gear sets for transmitting the 
drive from the driving element to the 
driven element, each set comprising ring, 
planet and sun gears, the ring gear of the 
first set and the carrier of the planet 
25 gears of the second set being connected 
to the driven element, and the carrier of 
the planet gears of the first set - and the 
ring gear of the second set being con- 
nected together, means for holding the 
30 sun gear of the second set against rota- 
tion, means for connecting the carrier of 
the planet gears of the first set to the 
driving element, means for connecting 
the sun gear of the first set to the driving 
86 element, said last mentioned means in- 
cluding an over-running clutch. 

The invention includes also a variable 
speed ratio transmission having driving 
and driven elements and adapted to 
40 establish first, second and third speed 
ratios between said elements, said trans- 
mission comprising first and second 
. planetary gear sets, each set comprising 
ring, planet and sun gears, the ring #ear 
45 of the first set and the planet gears of 
the second set being connected to the 
driven element, and the planet gears of 
the first set and ring gear of the second 
set being connected together, releasable 
50 means for holding the sun gear ' of the 
second set against rotation to establish , a 



reaction for torque multiplication in the 
transmission, releasable means for con- 
necting the sun gear of the first set to 
the driving element to establish the first 
speed ratio through the transmission, 
means for connecting the ring geax of the 
second set to the driving element while 
the first sun gear is released from rota- 
tion in one direction therewith to estab- ™ 
list the second speed ratio, and means for 
driving two elements of one of the sets 
simultaneously at the same speed as the 
driving element while the sun gear of the 
second set is released from rotation in 65 
one direction with its holding means to 
establish the third speed ratio through 
the transmission. 

The principal object of this invention 
is to provide a planetary transmission 70 
capable of producing at least three speeds 
forward, each of which speeds is made 
effective by the successive operation of a 
number of coupling r elements, each 
element being associated with a par- 75 
ticular speed ratio. 

Another object of this invention is to 
provide a planetary transmission capable 
of producing a number of speed ratios 
corresponding to first, second and direct 80 
speeds in an ordinary standard three- 
speed transmission wherein a number of 
coupling elements is utilized, certain of 
the elements being automatically releas- 
able when other elements are engaged so 85 
as to avoid the necessity for accurately 
timing overlapping operation of controls. 

Another object of this invention is to 
provide a planetary type variable speed 
transmission wherein changes in speed 90 
may be effected under power and wherein 
all of the normal and necessary^ functions 
provided in a standard transmission will 
be available. 

These and other features and objects of 95 
this invention will become apparent from 
the following detailed description when 
taken together ^ with the accompanying 
drawing in which: 

Fig. 1 is a schematic diagram of - the 100 
principal elements of the transmission 
and their connections; and 
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Fig. 2 is a partial elevation in section 
of a preferred embodiment of the inven- 
tion. 

The invention is comprised of a drive 

6 shaft 10 which may be the crank shaft of 
a prime mover (not shown), a driven 
shaft 11 which may be connected to the 
load, an intermediate shaft 12 piloted in 
drive shaft 10 and in driven shaft 11, a 

W first planetary gear set 13 and a second 
planetary geaT set 14, through which 
changes in speed and torque are effected, 
and a pair of engine clutches 15 and 16, 
which are adapted to connect various 

15 elements of planetary gear sets 13 and 14 
to drive shaft 10. A one-way clutching 
device 17 is provided to connect shaft 12 
with shaft 10 so that power may be trans- 
mitted from the driven shaft 11 to drive 

20 shaft 10 whenever necessary, such as to 
start the prime # mover when its usual 
starting mechanism is not available. A 
friction cone clutch 18 is provided to lock 
up the first planetary gear set 13 to pro- 

25 vide a direct drive, clutch 18 being norm- 
ally biased to engaged position by a 
spring 19. Clutch 18 participates in the 
drive when driven shaft 11 becomes the 
driver and it is desired to drive drive 

30 shaft 10 with the prime mover dead. 
First planetary gear set 13 is com- 
prised of a ring gear 20, a number of 
planet pinions 21, mounted on a planet 
carrier 22 and meshing with ring gear 20 

36 and with a son gear 23, the latter being 
preferably integral with intermediate 
shaft 12. The second planetary gear set 
14 is comprised of a ring gear 24, a 
number of planet pinions 25 . meshing 

40 with ring gear 24 and with a sun gear 
26, and mounted op. a planet carrier 27. 
Sun gear 26 is mounted on driven shaft 
11 and is adapted to rotate freely there- 
on. Carrier 27 in the form chosen for 

45 illustration is integral with ring gear 20 
of the first planetary gear set so as to 
be rotatable therewith, and is splined to 
driven shaft 11 to transmit or receive a 
drive from the driven shaft 11. Carrier 

50 22 is integral with an annular casting 28 
which is splined to a dram 29, ring gear 
24 # having an extension 30 likewise 
splined to drum 29 thereby causing 
planet carrier 22 and ring gear 24 to 

55 rotate together. An annular. chamber 98 
is formed in casting 28, the purpose of 
which will be explained hereinafter. 

Sun gear 26 is connected through a 
one-way coupling device 31 to a brake 

60 drum 32 which may be held against rota- 
tion by a brake band 33. Ring gear 24 
and its associated drum 29 and planet 
carrier 22 may likewise be held against 
rotation by the action of a brake band 

65 34 on the outer surface of extension 30. 



A one-way clutch 35 is provided in 
series with clutch 15 and intermediate 
shaft 12 to assist in effecting changes in 
speed ratio as will hereinafter be 
explained. The speed ratios obtainable 70 
through the transmission as thus far de- 
scribed are as follows: 

Low speed is obtained by arresting sun 
gear 26 through the operation of brake 
band 33, the disengagement of clutch 18 75 
and by engaging clutch 15. This causes 
a drive to be transmitted from drive shaft 
10 through clutch 15, one-way clutch 35, 
intermediate shaft 12, sun gear 23, 
planet pinions 21, and through carrier 8Q 
22, casting 28, drum 29, extension 30, 
ring gear 24, and finally to planet gears 

25 and planet carrier 27 to driven shaft 
11. A backward reaction will be pro- 
duced by this combination of elements 85 
which will be taken on one-way coupling 
device 31 and brake 33. 

For second speed, clutch 16 is engaged 
along with brake 33 and -clutch 15.- The 
drive is then from drive -shaft 10 through 9( * 
clutch 16, drum 29, extension 30 to ring 
gear 24, and then as in first speed through 
planet pinions 25 and planet carrier 27 
to driven shaft 11. One-way clutch 35 
overruns in second speed so that the 95 
release of clutch 15 is unnecessary. 

For direct drive, clutch 18 is allowed 
to engage, clutches 15 and 16 both 
remaining engaged, which, as stated pre- 
viously, locks up the first planetary gear 100 
set 13 by connecting drum 29 to inter- 
mediate shaft 12, which in effect connects 
carrier 22 to sun gear 23. The reaction 
on brake 33 in, direct drive is in a for- 
ward direction and as a result, one-way 105 
coupling device 31 will release sun gear 

26 and permit it to rotate forwardly with 
the other gears, one-way clutch 35 still 
over-running. 

For neutral with power available to HO 
disengage clutch 18, all clutches and 
brakes are released; with no power avail- 
able clutch 18 will be engaged as well as 
one-way coupling 17, the purpose of this 
arrangement being to permit the drive to Ho 
be reversed through the transmission. 
Ihus, with no power available there is 
™ neutral when shaft 11 becomes the 
driver but there is a neutral when the 
shaft 10 does the driving. 120 

For reverse, brake band 34 is applied, 
brake band 33 is released, clutch 16 is 
released, and clutch 15 is engaged. This 
means that carrier 22 will be held 
against rotation and that the drive will 125 
be imposed upon sun gear 25 through 
intermediate shaft 12, and one-way coup- 

] f l d ?r° e % {x ? m clutcl1 15 a *d drive 
shaft 10. Clutch 18 will of course be 
released during reverse drive. Since 130 
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carrier 22 is held against rotation and 
the drive is in a forward direction in sun 
gear 23, ring gear 20 will be rotated 
reversely and at a reduced speed. Since 
5 ring gear 20 is rotatable with the driven 
shaft 11, the reverse rotation in ring gear 
ring .gear 20 is rotatable with driven 
shaft 11. 

In the embodiment illustrated herein, 

10 clutches 15, 16 and 18, and one-way 
device 17 are adapted to be controlled by 
fluid pressure. To this end clutch 15 is 
comprised of an annular casting 36 which 
is hollowed out to form an annular 

15 chamber 37. A piston 38 is mounted in 
chamber 37 and is adapted to bear against 
a plate 39 having ears 40 fitting into slots 
41 in a reaction plate 42 driven with cast- 
ing 36. Immediately adjacent reaction 

20 plate 42 is an annular casting 43 which 
is likewise hollowed to form an annular 
chamber 44. A piston 45 is retained in 
chamber 44 and acts against the plate 46 
which is similar to plate 39, having ears 

25 47 extending into slots 48 in reaction 
plate 42. A spring 49 bears against ears 
47 and 40 and serves to maintain plates 
39 and 46 away from reaction plate 42. 
This also insures a return of pistons 38 

30 and 45 to their released positions. 

Reaction plate 42 is considerably 
reduced in cross-section at its central 
portion 50 so as to form annulaT spaces 
on either side facing pistons 38 and 45 

35 in which driven clutch plates 51 and 52 
are located. Clutch plate 51 is splined 
to the outer member 53 of one-way clutch 
35, the inner member 54 of which is 
splined to intermediate shaft 12. Driven 

40 clutch plate 52 is splined to a stepped 
portion 55 of drum 29. 

Fluid to operate clutch 15 is intro- 
duced through a passageway 56 in trans- 
mission housing 57 and then to a collector 

45 ring 58 and a connecting passage 59. The 
passage 59 leads directly to chamber 37. 
Similarly, fluid for operating clutch 16 
is introduced into a passageway 60 in 
housing 57 to a collector ring 61 which is 

GQ adjacent collector ring 58 and connects 
with a passageway 62 leading directly to 
chamber 44. Suitable piston ring-type 
seals 63 separate collector rings 58 and 
61 and also prevent the fluid from escap- 
56 ing into the housing. 

In order to economize on space, the 
torsional vibration dampeners usually 
incorporated into driven clutch discs 
have been combined into a single vibra- 
60 tion dampener 64 which is inserted in 
series between the friction clutches 15, 16 
and the crank shaft 10. The dampener 
is comprised of a number of springs 65 
retained between spaced lugs 66 in cast- 
OS ing 36 and a tongue 67 on a hub member 



68 which is bolted to crank shaft flange 
69. 

It will be noted that drum 29 is nested 
•within collector rings 58 and 61 still 
further to economize on space in a longi- 70 
tudinal direction. 

The direct drive clutch 18 is comprised 
of a clutch plate 70 splined to inter- 
mediate shaft 12 and urged by a spring 
19 into engagement with a conical ring 75 
71 splined to drum 29. The spring 19 
bears against the inner member 54 of one- 
way coupling device 35 which in turn 
bears against an axially fixed bearing 73. 
The outer surface of clutch plate 70 has 80 
a cone surface which is complimentary 
with respect to the conical surface on ring 
71 so as to provide a friction drive there- 
between. Although clutch 18 is relatively 
small in diameter compared with clutches ™ 
15 and 16, its capacity is quite large 
because of the wedging effect of the 
conical surfaces and is capable of trans- 
mitting full engine torque. Clutch plate 
70 is moved to released position by means yu 
of a piston 74 which is comprised of a 
casting 75 splined to a plate 76 "which in 
turn is splined to drum 29 so that piston 
75 is constrained to rotate with drum 29, 
and a pair of stampings 77 and 78 which ™ 
are exposed to fluid in a chamber 98 
formed in casting 28. The thrust is 
transmitted to plate 70 by means of a 
number of anti-friction balls 79 retained 
in a washer 80. 10U 

Eluid for operating clutch 18 is intro- 
duced through an opening 81 in housing 
57 communicating with a passageway 82 
leading to a collector ring 83 in driven 
shaft 11 and then through a central 10° 
passageway 84 in shaft 11 and a corre- 
sponding central passageway 85 in inter- 
mediate shaft 12 to a radial passageway 
86 leading to a collector ring 87 splined 
to intermediate shaft 12 and communicat- H" 
ing with a passageway 88 leading directly 
into chamber 98. 

One-way coupling device 17 is com* 
prised of a plate 89 having a splined con- 
nection 90 with intermediate shaft 12 and 
having ratchet teeth 91 on the forward 
side thereof. The ratchet teeth 91 co- 
operate with similar ratchet teeth 92 
formed in a ring 93 keyed to drive shaft 12 n 
10 so as to be rotatable therewith. A ^ 
spring 94 located in an opening 95 in 
the end of intermediate shaft 12 normally 
urges plate 89 toward drive shaft 10 so as 
to engage teeth 91 with teeth 92. Drive 
shaft 10 is provided with an opening 90 125 
in which is a slug 97 which acts as a 
piston and bears against plate 89 to move 
the plate out of engagement with teeth 
92 and against the end of shaft 12. Open- 
ing 96 is connected by suitable passage- 130 
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way (not shown) to the oil pump of the 
prime mover (not shown) so that when- 
ever the prime mover is in operation oil 
under pressure will be present in open- 
5 ing 96 and will disengage teeth 91 from 
teeth 92. However, should the prime 
mover be at rest so that no oil under 
pressure is available, then spring 94 will 
urge plate 89 and its associated teeth 91 

10 into engagement with teeth 92 thereby 
making possible a drive from inter- 
mediate shaft 12 to the drive shaft 10. 
Teeth 91 and 92 are arranged to transmit 
a drive from shaft 12 to shaft 10, but to 

15 ratchet when the drive is reversed. It 
will be noted that no fluid under pressure 
is required to engage clutch 18 and there- 
fore a direct drive will be established 
through the first planetary gear set 13 

20 whereby to drive drive shaft 10 from 
driven shaft 11 at one-to-one ratio. This 
drive may be utilized to start the prime 
mover if the usual starting means is un- 
available. It is contemplated that' the 

25 same fluid under pressure available in 
opening 96 will likewise be available to 
operate piston 74 of the clutch 18 to dis- 
engage the clutch when one-way clutch- 
ing device 17 is disengaged, 

30 It is understood that various addi- 
tional bearings, fasteners and supports 
should be used throughout the trans- 
mission as needed, such devices being 
readily designed by those skilled in the 

35 art. 

Having now particularly described and 
ascertained the nature of our said inven- 
tion and in what manner the same is to 
be performed, we declare that what we 

40 claim is: — 

1. A variable speed transmission com- 
prising driving and driven elements, and 
first and second planetary gear sets for 
transmitting the drive from the driving 

45 element to the driven element, each set 
comprising ring, planet and sun gears, 
the ring gear of the first set and the 
carrier of the planet gears of the second 
set being connected to the driven element, 

50 and the carrier of the planet gears of the 
first set and the ring gear of the second 
set being connected together, means for 
holding the sun gear of the second set 
against rotation, means for connecting 

55 the carrier of the planet gears of the first 
set to the driving element, means for con- 
necting the sun gear of the first set to the 
driving element, said last mentioned 
means including an overrunning clutch. 

60 2. A variable ' speed transmission 
according to claim 1 including one-way 
connecting means between the sun gear 
of the second set and the holding means 
therefor for interrupting the drive be- 

65tween the driving and driven elements 



upon reversing the torque between said 
elements. . 

3. A variable speed transmission 
according to claim 1 or 2, having norm- 
ally released means for selectively con- 70 
necting the carrier and sun gear of the 
first set to the driving element, means 
adapted to connect two elements.of one of 
the planetary gear sets together when 
the holding means is released, whereby 75 
to transmit drive from the* driven element 

to a gear in the first planetary gear set 
when the holding means is released, and 
means for connecting the said sun gear 
in the first planetary gear set to the driv- 30 
ing element to transmit a drive from the 
driven element to the driving element. 

4. ^ A variable speed ratio transmission 
haying driving and driven elements and 
adapted to establish first, second and 85 
third speed ratios between said elements, 
said transmission comprising first and 
second planetary gear sets, each set com- 
prising ring, planet and Bun gears, the 
ring gear of the first set and the planet 90 
gears of the second set being connected 

to the driven element, and the planet 
gears of the first set and ring gear of the 
second set being connected together, 1 
relasable means for holding the sun gear 95 
of the second set against rotation to estab- 
lish a reaction for torque multiplication 
in the transmission, releasable means for 
connecting the sun gear of the first set to 
the driving element to establish the first 100 
speed ratio through the transmission, 
means for connecting the ring gear of the 
second set to the driving element while 
the first sun gear is released from rota- 
tion in one direction therewith to estab-105 
lish the second speed ratio, and means for 
■driving two elements of one of the sets 
simultaneously at the same speed as the 
driving element while the sun gear of the 
second set is released from rotation in 110 
one direction with its holding means to 
establish the third speed ratio through 
the transmission. 

5. A planetary transmission for trans- 
mitting torque from a driving element to 115 
a driven element, ^ according to claim 1, 
said transmission including a number of 
gears, a reaction element associated with 
one of the gears which is automatically 
released when the driven element becomes 120 
the driver or upon reversal of torque be- 
tween said elements, normally released 
clutch means for connecting different 
gears to the driving element to establish 
different speed ratios through the trans- 125 
mission, normally engaged clutch means 

for connecting two relatively rotatable 
gears together to lock the transmission in 
one-to-one ratio, and means effective 
when the normally engaged clutch is 180 
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effective for connecting one of the gears 
of the planetary transmission to the driv- 
ing element whereby to transmit drive 
from the driven element to the driving 
5 element independently of the reaction 
element and the normally released clutch 
means, 

6. A planetary transmission according 
to claim 5, wherein the means for con- 

10 necting one of the gears to the driving 
element is ineffective when the driving 
element becomes the driver* 

7. A planetary transmission according 
to claim 5 or 6, including fluid means for 

15 disengaging the normally engaged clutch 
means and the last-named connecting 
means, said fluid means being operative 
when the driving element becomes the 
driver. 

10 8. A variable speed transmission 
according to claim 1, wherein the gear 
sets include a reaction element which is 
automatically xeleasable when the re- 
action is in the same direction as the 

25 drive in the driving structure, the first 
element connecting means remaining 
engaged when the second speed drive is 
effective and said first and second 
element connecting means remaining 

30 engaged when the third speed dxive is 
effective. 

9. A variable speed transmission 
according to claim 1, comprising driving 
and driven structures, planetary gearing 

35 for transmitting the drive from the driv- 
ing structure to the driven structure, and 
means for connecting the planetary gear- 
ing to the driving structure including a 
pair of friction clutches, a rot at able 

40 housing for the clutches, fluid operated 
means for controlling the operation of 
said clutches, an axially extending flange 
on the housing provided with conduits 
for the fluid to control the operation of 

45 said clutches, a drum for connecting one 
of said clutches to the planetary gear set, 
said drum being located within the 
flange, and a third friction clutch within 
the drum, said third friction clutch being 

50 adapted to lock the planetary.gear set for 
direct 'drive operation. 



10. A variable speed transmission 
according to claim 9, wherein said 
planetary gearing comprises a pair of 
planetary gear sets including a ring gear 65 
in one set and a planet carrier in the 
other set, and means for connecting said 
ring gear and carrier to the drum. 

11. A variable speed transmission 
according to claim 9, wherein said last- W 
mentioned clutch includes a friction ring 
and means for non-rotatably connecting 
the ring to the drum. 

12. A variable speed transmission 
according to claim 9, wherein said 86 
planetary gearing includes a carrier, 
means for connecting the carrier to the 
drum, said carrier having ^ an ^ annular 
recess therein, and a piston in said recess, 
said piston controlling the operation of 70 
the third clutch. 

13. A variable speed transmission 
according to claim 1, comprising driving 
and driven structures, planetary glaring 

for transmijtting the drive from the driy- 75 
ing structure to the driven structure, and 
means for connecting the planetary gear- 
ing to the driving structure, said means 
including a clutch, a drum for connect- 
ing the clutch to the planetary gear set, 80 
a friction clutch within the drum and 
adapted to lock the planetary gear set for 
direct drive operation, a carrier in the 
gear set, means for connecting the carrier 
to the drum, said carrier having a recess 85 
therein and being enclosed by the drum 
and a piston in said recess, said piston 
controlling the operation of the last- 
mentioned clutch. 

14. Yariable speed transmission having 90 
its parts connected and adapted^ to 
operate substantially as herein described 
with reference to the accompanying 
drawing. 

Dated this 25th day of July, 1943. 
For: 

BORG-WARNUR CORPORATION. 
Stevens, Langner, Parry & Rollinson, 
Chartered Patent Agents, 
5/9, Quality Court, 
Chancery Lane, London, W.C.2, and at 
120, East 41st Street, New York, TT.S.A. 
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